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Fululvnnate Analog of ..ajo W
Dars"xan SauthVa

University of Calhorma, Berkeley

A

I{ has periodically been suggested to the behavioral researchers that vest

statistics such as t-ratios or F-ratios serve ‘oo indicate the statistical significanc

[el]

of observed results and these staulsulcs do not descrlbe u‘nur practical imporiance.
The assessment of the practlcal swnlflc.mce of the. expermcntal eﬁ‘ects R glvcn una'o
they have been found to be statlstlca.lly mgn:ulcano, has recelwd ““‘cmw.on .L:o,a ..L..c"

to time and Hays (1963) suggested ‘the i‘ollow:mg SUas't:lSulC for this purpose.
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wnere SSB is the betwéen;éfdup sum of squares ;,-. MSW is .the.xq;ithin-ngoup mean squére R
and SST is the foot&i sum df 'squax"és for k groups :m ohe-wayl ahalysis- of variance..
Clearly, %z as glven by (l) is. applicable uO um.varlate analys:.s of variance,
The um.va.rmte analysms of va; *1ance rei‘ers 0 e,cper:.menus in wh:.ch one or moxre .:gnde-
pendeno varlables may be emnloyed on only one aepenaent varlable. -: . zf, vhe other hand,
| multlvarla.te analyms of varlance is a s:mple extensjld;x of the umvama..e ana.gms of
vomanc\:e where analysn.s is being carrled out us:.ng t.wo or more ,aqpenden'u vamables
{ . . . . .
s:.multane.ously. This -papar examingas ,t.he,. nqtlon of’ u}‘ 5' in case of multivaria{'.e. analy-
sis of variance." | P | S |

~

The multlvar:.ate exbension of (1) is obtd::.ned by replac:mg each sim . of squares

by the determinant of the correspond:mg mat :.x of suns oi‘ squares and sums of cross-
products. For one-way multlvar:.ate a.naly51s of varla.nce for K groups mvolv:m{, P de-

pendent variables, the elements of ma‘br:.x W for t.ae w:.uh:m-groap swis of aquares and

sums of cross-products are given by O "

SRR P NP,
ss(iy » Wy) .= g t-,-l'"(xist_ :'"xis)(xa'fsf-'fcés) a1z, .. |
LT e m g e e, P

It may be noted that when 4 = j, the above exprés'sioh'reduhces.-'to




An example is presented illustrating the use of formulas (3) and (5). The computed

k nS - 2
ssuy o= I, I (K- K)o

which is the withinegroup sum of squares for the ith dependent variable as obtained
in the univariate analysis of variance. In like manner, the research worker can
define the matrix B for the between=group suzﬁs ¢f squares and sums of cross=products.
The matrix T for the total sums of squares and sums of cross=prcducts is obtained in

a similar fashion, Now the multivariate extension of (1) is given by

‘ . k-1,
42 - o| - wxlvl (2)
mult lT] N Ni_k W,

where N is the total number of subjects in k groups, and {Bf, |W), {T/!are the

determinants of matrices B, W, and T, After some algebraic simplifications (2) reduces

. A2 . .
t0 . = ]l - N-A - (3)
' N=k + A

mult

where A = |W|/|r| is ko as Wilks's lambda test criterion (Anderson, 1958;

Morrison, 1967) and IB! has been replaced by ( IT‘ - jw] ).

2
The Q)mult as defined by (3) can also be estimated by F=ratio using the fact
Rao, 1965) that
F & s 4
Al/S
vwhere 2 2 3
s = [P @’ - a[? ¢ )’ - 5]
and S(2dfy +df, =p =1) = p(dfh) + 2
u -
2p(dfh) ' .

and where p is the number of dependent variables, df, and df, are the degrees of

h
freedan for the hypothesis and for within~group sum of squares respectively,

By using (L) in (3), it is seen that
A2 _ Nu

m -
mult
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‘F-value used in fomula (5) was obtained through the appiication of a computer

program written by Finn (1968),

3
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In an analysis of language development among four groups of elcmenialy SCiCol
children wno were measured on five variables it was found through the appliicatioa of
_ ono=way multivariate analysis of variance for testing the null hypotacsis of ec;ualit;/.
of mean vectors that F = 6.6355 with vy, =15 and v, = 513.8655. The wultivariate il
hypothesis was reaected as the p-value assoclated w...u‘x the abovs ;‘-V'alue was less waan
p = 0,0001, The toval number ot sub;;ec«.s used in four gr ou'ps was N = 194, It was also
found that A = | W | / ; TI' - h71333.0832/751723.7792- = 0.6188, vicre T 3+
and B and W have the same dei‘:mltlor.xs accorded to them earl:x,er in this narration,
The estimate of ‘mz , us:mg either fomula (h) or formula (5) was ¢omd to be
wz = 0,37, Therei‘ore, ffxearly‘ 37,, oi‘ the total group varlabl.z.zuj is .accoun'ccd -
i‘:)nr by the five language var:.ables.'- In add:.t.:x.on, it is seen ul_uau the .es'zimates of
Hay's 2 for each of the‘fivé_'va.ri'ables in .this éase wmz wi = 0.011; w; =0.100;
wi = 0,029; “’i = 0,322; “’2 = 0,015 x:'gsi)ectiveiy;:_ S:.nce the dependent variables
are correlated, each of the wz représents the va;riation in groups that. is accoun'i:ed for
'purel v by the ith variable only plus the varlaulon 'bha.t. 1s exnlamca Jointly in ‘scme
unknown 1 shlon by the remammg depaﬂdenu varlable... ”hus, : t,n 0,37 rebresents whe
mal '

proportion of the variance that. is explamed by the flve language variables when taey

~are subjected to a.nalys:Ls s:.multaneously. Furthc more, :.t may be inferred that thore i

4]

roughly 37% of dlscrm:.natory power :m 'bh:.s set of dependen‘b va.r:.ables for the preseat

data used in this example.
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